EXPERIMENTAL AND CLINICAL OBSZRVATIONS ON THE USE
OF HYPOTHERMIA TO PREVENT ISCHEMIC DAMAGE TO THE CENTRAL
NERVOUS SYSTEM*
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The tissues of the central nervous system are particularly vulnerable
to ischemic damage from even brief periods of circalatory arrest. This
constitutes a serious hazard in the performance of certain cardiovascular
procedures such as resection of aortic aneurysm, in which it may be
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necessary to interrupt aortic circulation for periods up tc one hour ., Since
it has been well established that hypothermia reduces total body metabolssr
and oxygen requirements of tissues, it is reasonable to assurne that the
central nervous system is similarly affected and that this mright provide a
useful measure in minimizing the ischemic dangers associated with these
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operative procedures . Accordingly, studies have been directed toward
determining the protective value of hypothermnia against such ischemic
damage to the central nervous system during periods of temmporary aortic
occlueion,

Zxperiments along thess lines have been done by a number of investi-
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gators as well as by us . Thus, in a control group of 50 dogs occlusion

of the aorta just distal to the left subclavian artery for a period of one hour

was associated with an immediate mortality of 32 per csnt and a
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paraplegia rate in the surviving animals of 65 per cent. The same pro-
cedure in a comparable group of 47 hypotherinic dogs (body temperature
was reduced to betwesn 75 and 80° F.) wag associated with an inmmediate
mortality of 25 per cent and with a paraplegia rate of zero in the surviving
animals. (Fig. i} On the basis ol these experiments as well as sinmnilar
observations reported by other workers, the conclusion has been drawn
that hypothermia has a celinite proteciive influence against ischenic dam«
age to the spinal cord following high aortic occlusion,

While the exact mechanism of proteciivn aiforded by hypothermia
is not entirely clear, gross and histologic stadies of the damaged spinal
cord provide sone ciues to the probiems, Gruss examination ot the spinal
cords of the paraplegic animals showed bilateral sywmetrical malacia ol
the grey matier o the lumbar, sacral, and coccygeal segments, serial
and l., and
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continue distaily, OUn microscopic examination pronounced changes were

sections showed the lesions to begin consistently vetween T

present in the grey mwatter, but the white matter was spared, As the
specimens were outained iZ days aiter injury evidence 0f repair by nice
roglial phagocytes or gitrer cells with {vamy cytoplasin and prolizeration
oi new capiliaries tihrough the aestroyed avea was present (Figs. &, 3, 4).
These cnanges are quite siroliay to those observed in the brain following
anoxemic damage to this organ. They do not suggest thrombosis or in-

iarction as the vessel lumens were patent. The animals protected by



hypothermia failed to show these changes.

Experiments along similar lines directed toward determining the
proteciive eifects of hypothermia against ischenic damage to the brain
proved muach more dilficult, owing to the faci that in the dog estensive
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collateral circulstion exisis in the head and nack. us, ceclusion of
turhances,. A preparation was finally developsd, however, that resaltad in
a $ignif‘icam incidence of brain damage. This consisted in placing a silver
clip on the bagilir artery through the forarmmen magnum, applying occluding
clamps to both carotid and vertebral arteries bilaterally and placing a tourni-
quet around the neck to produce cowpression of the wuseonlar collateval vessels,
In the control group of 9 dogs in which this was done for 2 period of 3¢ minates,
6 (67 per cent) showed serious brain damage a3 wanifested by convulsions,
coina, and death, Hignificantly, nope of the © hypothermic dogs treated in
like ‘ashion developed any neurologic disturbances. These observations,
therefore, suggest that hypotherinia is equally eifective in preventing ischemic
damage to the brain as to the spinal cord following temporary arrest of the
circulation to these highly valner-ible tissues,

Thes e experirnental observations on the protective value of hypo-
thermia in preventing ischemic damage to the ceatral nervous system are
supported by our clinical experience with its use in the excisional thevepy

of aortic aneurysm. In such cases in which the lesion is located in the
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thoracic aorta above the level of the seventh dorsal vertebra the procedure
of resection and graft replacement is associated with the jeopardous efiects
of ischemic injury to the tissues of the central nervous systemr during the
period of temporary interruption of agrtic circulation, Thas, among the
five cases of aneurvam ¢f the aorta in our zerizs, located at this high level
and treated by resection without hypothermia, spinal cord damage occurred
in four patients {Fig., 5). Fortunately these changes were mild and transient
in three, but probably contributed to the death of the [ourth patient,

On the other hand, none of the 14 cases with comparable lesions
sirnilarly treated but in which hypothermis was employed showed any mani-
festations of spinal cord damage. Both in this 23 well as the former group
the period of aortic occlusion averaged about one hour. In the hypothermic

group body temperature was reducad to about 859 ¥, (Figs. 6, 7).



SUMMARY

i In a control group oi 50 dogs in which the theracic acrtes wae occluded
just distal o the leit subclavian artery {or 2 paviod of one hour the iinmediate
wortésity was 34 per cenal and the incidence o Lichevic damago to the spinal

cord as waniiested by paraplagia in the sarviving animale 35 pexr cent,

S a cowparably treated group of 47 degs in which hyporthermis was used

A

there was an limmediate oortality of 25 per cont, bas nome developed para
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plegia,

2. In & conteol sexins of ¥ doges in whisch the clrculation to the hrzin
way arrestad (Or a period of U minutes evidense of inchevic damage toian
braix cccurred in O (67 por cent), but none of the § rimilarly treated group
in which hypotherrcia was employed showe l such manifestatzona,

3. Four of five patients with enzary=rma v the thorneice aovte in whon

the aorta was occluded for & peried of ab hour developed svidence
of gpinai cord damage folloviag resaction, Noue of M stmilar craes in

which hypothermia was employad developea aur avidence of sninal cord
damage.

4. Un the vosis of theue axperimcantal and clinical obhssrvations it would

appear that hypothermia lncreases the tolarince of the tirguas o7 the central
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nervous syasten: to perinds ol temporary ischem
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Graph showing n:oitality for occlusion of descendin
aorta for one hour.

Microscopic section of normal spinal cord, I level, of dog,
Licroscopic sectica of spinal cord following aortic occlusgion
without hypothermia,

Microzcopic section of spinal cord fellowing avrtic occlusion
with hynothermiz,

Churt of clinical cases without hypaotherimis

Chart of clinical cases with hypothermia,
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